ABSTRACT: In long-distance migratory marine species foraging behaviour remains particularly difficult to study even though it has important consequences for individual life history. Indeed, studies assessing concurrent dive patterns and feeding behaviour remain rare. We investigated the daily and seasonal feeding rhythms of green turtles Chelonia mydas on a coastal seagrass meadow at Mayotte, in the South Western Indian Ocean. Between 2005 and 2008, the behaviour of 19 green turtles (body mass: 86.8 to 134.0 kg) was recorded using electronic time-temperature-depth recorders, concurrently validated by direct in-water observations. Additionally, fast-acquisition global positioning system units were deployed on 3 of these turtles. Green turtles showed a high fidelity to the foraging site and conducted predominately flat-bottom dives, in accordance with both local bathymetry and tidal regime. On a daily basis, 2 main dive categories were identified: shortshallow foraging dives (mean ± SE: 6.0 ± 0.0 min for 2.0 ± 0.0 m) occurred during the day on the seagrass meadow, and long-deep resting dives (50.9 ± 19.0 min for 10.3 ± 1.4 m) occurred at night in coral and rocky areas. On a seasonal basis, mean dive duration increased from summer to winter (from 9.5 ± 0.5 to 15.7 ± 1.1 min) and was negatively correlated with seasonal water temperature (range: 25.7°C in winter to 29.3°C in summer). However, the daily foraging duration (~11 h d 
INTRODUCTION
The understanding of ecosystem functioning requires the assessment of the trophic ecology of animal populations in their natural environment. One key step in this endeavour consists of gathering fundamental knowledge about individual physiology, behaviour, and ecology for estimating time and energy budgets, which then have to be further integrated at the population level. Time budgets can be derived from estimated feeding rhythms (Stephens & Krebs 1986) . Feeding rhythms primarily depend on individ-ual physiological needs and constraints but also on environmental and trophic conditions encountered by individuals (Wikelski & Hau 1995 , Heilman & Spieler 1999 , Nielson 1999 , Klein et al. 2006 . In air-breathing divers, feeding patterns are intrinsically linked to dive patterns. With technological advances in recent years (e.g. telemetry, biologging), dive patterns of marine animals have been investigated extensively (RopertCoudert & Wilson 2005 , Hooker et al. 2007 , Bograd et al. 2010 . Dive data are often used to infer specific physiological, behavioural, or ecological functions of dives according to classification analyses (Lesage et al. 1999 , Thums et al. 2008 . Only in recent years have researchers started to record actual foraging behaviour concurrently with dive parameters (Heithaus et al. 2002 , Davis et al. 2003 , Schofield et al. 2006 , Heaslip et al. 2012 , Takahashi et al. 2008 . Hence, most of our knowledge regarding the biology of diving species remains incomplete, leading to a biased understanding of their ecology and contribution to ecosystem functioning.
Sea turtles are widely distributed in tropical and temperate waters, and often undergo long-distance migrations. Their reproduction primarily relies on body reserves stored during the time spent on their foraging grounds prior to the nesting season, during which they are commonly considered as not feeding (Miller 1997 , but see Myers & Hays 2006 , Fossette et al. 2008 , 2009 , Casey et al. 2010 . Accordingly, investigating the foraging behaviour of sea turtles is critical for a better understanding of their biology, but also for conservation issues facing this endangered species. Yet, given the remoteness and poor accessibility of their feeding sites, the assessment of sea turtles' diving behaviour often relies on satellite-relayed data , not incorporating concurrent detailed investigation of the actual feeding activity. Thus, to date, most studies specifically investigating the fine-scale diving patterns of sea turtles have focused on the nesting season, when breeding females are easier to capture and monitor using electronic recording devices such as TemperatureTime-Depth Recorders (hereafter referred to as TDRs) (e.g. Eckert et al. 1986 , Hochscheid et al. 1999 . Therefore, our understanding of the diving and foraging behaviour and ecology of sea turtles in their foraging areas remains limited.
In foraging areas, the diving behaviour of TDR-instrumented sea turtles has been investigated in hawksbill Eretmochelys imbricata (van Dam & Diez 1997 , Blumenthal et al. 2009 , Witt et al. 2010b ), loggerhead Caretta caretta (Houghton et al. 2000 , Oku yama et al. 2009 , Thomson et al. 2012 , olive ridley Lepidochelys olivacea (McMahon et al. 2007) , leatherback Dermochelys coriacea (James et al. 2006 , Jonsen et al. 2007 , Heaslip et al. 2012 ) and green turtles Chelonia mydas (Heithaus et al. 2002 , Southwood et al. 2003 , Makowski et al. 2006 , Thomson et al. 2012) . The green turtle is the only sea turtle that feeds primarily on shallow coastal seagrass and algae meadows (Bjorndal 1997) , a habit that makes it relatively accessible in comparison with other species. Hence, the green turtle is a good model species to investigate the foraging behaviour of sea turtles. To date, however, only a few studies have investigated the feeding behaviour of green turtles in great detail. Besides conventional TDRs, these studies deployed a number of additional tools in parallel. For example, acoustic tracking of TDR-equipped green turtles feeding on algae revealed a diel diving and foraging pattern that was associated with a differential habitat use between day and night (Rice et al. 2000 , Makowski et al. 2006 . Video cameras concurrently deployed with dive re cor ders showed that in green turtles, a given dive shape can be associated with different behaviours and cautioned against the use of dive shapes as an index of feeding activity (Heithaus et al. 2002 . The assessment of the actual behaviour associated with a given dive shape is crucial, how ever, especially since the diving behaviour of green turtles undergoes seasonal changes, which so far have been mainly discussed in relation to their ectothermic physiology (Spotila et al. 1997 , Seebacher & Franklin 2005 . For example, juvenile and adult green turtles in Western Australia and adult green turtles in the Mediterranean Sea have been reported to perform longer dives in winter than in summer (e.g. Southwood et al. 2003 , Broderick et al. 2007 , Hazel et al. 2009 ). Apart from documented cases of green turtles not fee ding during their over-wintering period (Felger et al. 1976 , Godley et al. 2002 , Broderick et al. 2007 , it is not known whether seasonal thermal variations induce changes in the feeding rhythm of green turtles while on the foraging grounds. This underscores the need for an integrated approach to assess the function of recorded dives in relation to environmental conditions, so that year-round feeding time budgets can be established.
Here, we monitored the fine-scale diving behaviour and associated feeding activity of green turtles exploiting a seagrass meadow year-round at Mayotte Island (South Western Indian Ocean -SWIO). We combined the use of conventional time depth re corders and Fastloc-GPS track ing units with direct focal observations to investigate their daily and seasonal feeding rhythms in relation to habitat use.
MATERIALS AND METHODS
Fieldwork was conducted between 2005 and 2008 in the Bay of N'Gouja, located on the southern coast of Mayotte Island (12°58' S, 45°05' E), Co mo ros Archipelago, SWIO. Mayotte hosts important nesting and feeding areas for distinct populations of green turtles (Roos et al. 2005 , Bourjea et al. 2007a ,b, Ballorain et al. 2010 . Given the effort of local conservation programs and significant tourist activities in the Bay of N'Gouja (Ballorain & Nivert 2009 ), most green turtles that feed in the bay have been individually tagged and are accustomed to divers. This provides good conditions to directly observe and manipulate feeding green turtles, while minimizing disturbance.
N'Gouja hosts a multi-species seagrass meadow in the inner fringing reef flat of the bay, where 8 out of the 11 seagrass species inventoried around Mayotte occur (Ballorain et al. 2010) . The seagrass bottom drops progressively from the shore to a coral reef on the inner reef slope, never exceeding 4 m depth, even at the highest tide level. Depending on the tides, the seagrass meadow becomes fully or partially exposed twice within a 24 h period (Fig. 1) .
Dive recorder deployments
Between 2005 and 2008, a total of 19 green turtles were instrumented with different electronic TDRs (Table S1 in the supplement at www.int-res.com/ articles/suppl/m483p289_supp.pdf). All TDRs in cluded pressure and temperature sensors, recording dive depth (0.05 to 0.10 m resolution) and water temperature (± 0.018 to 0.050°C resolution) every 1, 2, or 4 sec, which resulted in a deployment duration that ranged from 3 to 24 d before the memory was filled. We used 3 different models of TDRs: (1) We used the following criteria to select green turtles for instrumentation: (1) easily identifiable because of the individual flipper tag, (2) regularly encountered during snorkelling surveys in the study area, and (3) accustomed to the proximity of snorkelers. Selected individuals were captured by hand underwater and moved to the beach. Turtles were then placed in a shaded wooden enclosure. We measured the curved carapace length (CCL: along the midline of the shell, from the nuchal scute of the carapace to the end of one caudal scute) using a flexible measuring tape (± 0.5 cm). Body mass was obtained using an electronic spring balance (600 ± 0.2 kg; Kern). TDRs were fixed on the carapace using 2 different attachment techniques: (1) in 2005 and 2006 (for 7 deployments, n = 7 turtles, see Table S1 in the supplement), TDRs were fixed to the underside of the rear post-marginal scales of the carapace. We used 2 nylon ties that passed through four 0.5 cm diameter holes, drilled by hand, to attach the logger; (2) in 2007 and 2008 (for 14 deployments, n = 13 turtles, see Table S1 ), TDRs were fixed to the second vertebral scute of the carapace. Two nylon ties were used to anchor the logger to a steel and galvanized wire mesh that had been set on the carapace with fast setting epoxy (Pure-2 K, Powers Fasteners). This second technique facilitated detachment and re-attachment of the TDR underwater, without having to capture the turtle, which enabled successive de ployments of instruments on the same individual (Table S1 ). Snorkelling observations revealed that turtles performed foraging dives immediately following release, suggesting minimal postrelease stress. Daily searches for instrumented green turtles were conducted throughout the study site (including seagrass bed and adjacent rocky area and coral reef; Fig. 1 ) during 2 to 6 h snorkelling patrols. Once an instrumented turtle was encountered, its behaviour was monitored through direct underwater observation (see below).
Dive data analyses
Of the 13 green turtles equipped using the epoxy TDR-attachment technique, 3 ind. were equipped for 2 successive periods. For the analyses, we considered 2 successive deployments as a single TDRdeployment (Table S1 ). Overall, 2 ind. were equipped in 2 different years and the recordings were included in the analysis as independent TDRdeployments to take into account the putative different trophic conditions (Table S1 ). In total, we analysed 21 TDR-deployments for 19 green turtles. Data were analysed using IGOR Pro (Version 5.0; WaveMetrics). Given the precision of the TDR deployed, all dives with a maximum dive depth < 0.8 m were not distinguishable on the initial data set and were ex cluded from the analysis. For each dive > 0.8 m, we recorded the following parameters: start and end time of the dive; maximum depth reached; descent, bottom, and ascent duration; descent and ascent speed; post-dive surface interval duration. Here, post-dive surface interval duration is defined as the time spent at a depth < 0.8 m. For each bottom phase, the depth amplitude and the number of vertical undulations (hereafter referred to as 'wiggles', see Fossette et al. 2007 ) were also noted. As the deployment duration, and hence the total number of dives, varied between individuals, we calculated mean values for all dive parameters (grand means were calculated from the means of individuals).
We used a generalized linear mixed models (GLMMs) to investigate the effects of TDR model (PTD, PD2GT, D2GT), sampling interval (1, 2, 4 sec), year (from 2005 to 2008), season (summer, winter), diel rhythm (day, night), and turtle curved carapace length (CCL) on turtle dive depth and dive duration. Since sex determination is tentative for mediumsized individuals (CCL 85 to 90 cm), we did not include sex as a factor in our model. TDR model, sampling interval, year, season, diel rhythm, and CCL were considered as fixed variables, while TDRdeployment was considered as a random variable to account for repeated sampling. To investigate diurnal dive rhythms, sunrise and sunset hours were set from field observations to 06:00 h and 18:00 h (local time = GMT + 3 h), respectively. GLMM selection followed a stepwise backward elimination procedure, where non-significant variables were successively removed to produce the most parsimonious model. Diving effort was studied using 3 parameters: (1) dive rate = mean number of dives per hour, (2) dive time = sum of the duration of all dives performed per hour, and (3) hourly vertical diving distance = cumulated vertical dive distance travelled per hour. Finally, in order to identify dive types, a principal component analysis (PCA) and a hierarchical cluster analysis (HCA) were successively performed on all dives using SPAD 3.01 (CISIA, France). The 10 following dive parameters were subjected to the PCA using the Copri procedure: dive depth; dive duration; durations of the descent, bottom, and ascent phases; depth at the beginning and at the end of the bottom phase; number of wiggles and depth amplitude at the bottom phase; and post-dive surface interval duration. We then applied the HCA using the Parti-decla procedure to determine the appropriate number of dive types and their characteristics.
Standard statistical analyses were conducted using Systat 9.0 (SPSS) and GLMMs were performed with R 2.15 (package 'nlme'; Pinheiro et al. 2012 ) assuming a Gaussian distribution. Normality of the residuals was tested using the Shapiro-Wilk test, or by visual inspection of residual histograms for large samples (> 5000). Values were expressed as means ± standard error (SE). Significance was accepted when p-value < 0.05.
Focal observations and tracking
Survey patrols were regularly conducted throughout the study site (seagrass bed and adjacent rocky area and coral reef; Fig. 1 ) to investigate the behaviour of green turtles. During the day, these patrols were conducted by snorkelling (on a daily basis), while during full moon nights snorkelling or scuba diving surveys (< 20 m) were conducted (albeit less frequently). During daily patrols, TDR-instrumented green turtles were opportunistically observed to assess the behavioural functions of dive types identified through PCA and HCA analysis. Every time an instrumented turtle was encountered, time, behaviour (feeding, travelling or resting), and dive patterns (start and end time) were recorded. Records started at the beginning of a complete dive cycle, and only when the turtle did not show any changes in its behaviour. No data was collected when others swimmers (e.g. tourists) approached the study turtle to ensure the turtle's behaviour was not biased. In addition, 1 TDR-instrumented turtle (CM5) was tracked by snorkelling for 7.5 h using a hand-held global positioning system unit (GPS GeoXTTM handheld Trimble GeoExplorer, ED Electronique, Sainte Savine; precision ± 2 m), while the individual did not react perceptibly to the presence of the observer.
GPS tracking
In the winter of 2007, 3 TDR-instrumented turtles (CM11, CM13, and CM14) were equipped with an archival fast-acquisition GPS unit (Fastloc-GPS, FGPS, Sirtrack, Havelock North) (Table S1 ). FGPS units were fixed to the carapace using the wire mesh technique described above to allow easy detachment underwater at the end of the deployment. During a tracking session, FGPS units were automatically turned on by a saltwater switch when turtles surfaced, and attempted to acquire positioning data from a satellite every 5 min. To increase location accuracy, data processing was conducted only on locations resulting from ≥ 6 satellites (30 ± 30 m linear error, Hazel 2009 , Witt et al. 2010a .
RESULTS

General dive pattern
The body size of the 19 turtles ranged from 85 to 104 cm (CCL), while body mass ranged between 86.8 and 134.0 kg (Table S1 in the supplement at www. int-res.com/ articles/ suppl/ m483p289_ supp .pdf). Deploy ment duration lasted from 3 to 24 d, during which a total of 28 002 dives (> 0.8 m) were recorded (Table 1 , Fig. S1 in the supplement.
Dive depth
For the 21 TDR-deployments, maximum dive depth (mean ± SE) was 3.3 ± 0.1 m and hourly vertical diving distance was 32.5 ± 2.2 m h −1 (Table 1 ). The deepest recorded dive, conducted during daytime in the austral winter, was 67.5 m deep and 24.1 min long. Dives to < 4 m (maximum depth at the seagrass meadow) accounted for 82.6% of all recorded dives (i.e. 46.7% of the deployment duration was spent in water shallower than 4 m; Fig. 2 ). GLMM analysis indicated that maximum dive depth significantly varied with dive duration, CCL, diel rhythm, and season (Fig. 3 , Table 2 ). Maximum dive depth during the daytime was significantly shallower (2.5 ± 0.1 m; n = 21 deploy ments) than those conducted at night (6.4 ± 0.5 m; n = 21 deployments). At night, dives conducted in summer were shallower (5.9 ± 0.6 m; n = 13 deployments) than those performed in winter (7.3 ± 0.7 m; n = 8 deployments).
Dive duration
For the 21 TDR-deployments (all means ± SE), dive duration was 12.6 ± 3.1 min, with a post-dive surface interval of 0.5 ± 0.0 min. The longest recorded dive, conducted at night during the austral winter, lasted 118.1 min for a maximum depth of 10.5 m. Dives lasting < 6 min and < 28.8 min represented 50% and 90% of all recorded dives, respectively. Turtles spent 51.6% and 89.1% of the deployment duration in dives < 25 min and < 70 min, respectively (Fig. 2) . Among the 28 002 recorded dives, 95.9 ± 0.5% included a bottom phase that corresponded to 83.5 ± 1.0% of the dive duration and were characterised by the same steady descent and ascent speeds (0.16 ± 0.01 m s −1
). Hourly dive rate was 4.9 ± 0.3 dives h −1 and hourly dive time was 53.2 ± 0.7 min h −1 . GLMM analysis further indicated that dive duration significantly increased with maximum dive depth (except for rare dives > 20 m; Fig. 3 ) and with CCL, and changed significantly with diel rhythm and season (Table 2) . Dives during summer were significantly shorter (9.5 ± 0.5 min; n = 13 deployments) than dives in winter (15.7 ± 1.1 min; n = 8 deployments; Table 1 ). From winter to summer, water temperature during TDRdeployments ranged from 25.7 ± 0.2°C (n = 13 deployments) to 29.3 ± 0.2°C (n = 8 deployments; Table 1) , and dive duration increased with decreasing temperature (r = −0.78, p < 0.001; n = 21 deployments).
Since dive duration and dive depth were correlated, we used a second GLMM to identify the distinct effect of dive duration on (1) dive anticipation (i.e. pre-dive surface interval duration) and (2) dive recovery (i.e. post-dive surface interval duration). The GLMM included pre-and post-dive surface interval duration as a dependant variable, and dive duration as well as the residual values from a linear regression of depth on duration as independent variables (TDR-deployment being considered as a random variable to account for repeated sampling). This second GLMM showed that pre-and post-dive surface interval durations were positively correlated with dive duration (F 1, 25963 = 33 867.4, p < 0.001; F 1, 25963 = 81.1, p < 0.001, respectively).
Dive types
The PCA performed on 28 002 dives, using the dive parameters described above, identified 2 factors respectively associated with 65.6% (Factor 1) and 15.4% (Factor 2) of the observed variance. Factor 1 was predominantly associated with dive depth and dive duration, while Factor 2 was mainly associated with the number of wiggles during the bottom phase. The HCA distinguished between 4 different types of dives, mainly based on their depth and bottom duration (named A, B, C, D to facilitate reading: Fig. 4 , whereas in winter, they spent more time in type A (45.9 ± 1.8% of winter time) and type C dives (46.2 ± 2.5% of winter time). There were seasonal differences in the predominate dive type at night, but not during the day. Nocturnal dives were mainly assigned to type D in summer (62.1 ± 7.6% of night time, χ 
Focal observations and tracking
Daytime snorkelling observations mostly recorded green turtles feeding on the seagrass bed and, to a lesser extent, resting at the adjacent rocky area or coral reef. At night, turtles were mainly observed resting at the adjacent rocky area or coral reef and, to a lesser extent, feeding on the seagrass bed during full moon nights. The fine-scale behaviour (feeding, travelling, and resting) was recorded for 8 TDR-in- (Table S1 ). During analysis, the behaviour recorded during each dive was independently attributed to the dives recorded by the TDR, before independent classification by the HCA (see above). Focal observations allowed monitoring turtles when feeding, resting, and travelling throughout the daytime. During our observation time, we never encountered a turtle feeding on seagrass in water < 40 cm deep. Feeding dives on the seagrass meadow, observed directly during the daytime, lasted 7.8 ± 0.4 min (n = 89), and 12.0 ± 0.9 min (n = 38) in summer and in winter, respectively. All of these dives were independently classified as type A dives with the HCA. Resting dives observed during daytime on the adjacent coral reef lasted 27.3 ± 4.0 min (n = 8, in summer) and were all independently classified as type D dives. Travelling dives directly ob served during the day lasted 3.1 ± 1.0 min (n = 19) and were classified as type A (n = 17) but also as type D dives (n = 2). However, travelling dives consisted mostly in a transition be tween feeding areas (seagrass meadow) and resting areas (adjacent coral reef) and were erratic in terms of occurrence. In addition, dive depth of observed green turtles was closely linked to tide level on the seagrass meadow (see the general dive pattern illustrated in Fig. 1) .
Locations of green turtles instrumented with a FGPS and a TDR were all within the Bay of N'Gouja (Table S1 , Fig. 6 ). Locations were obtained during the surface interval be tween 2 successive dives, chro nologically called pre-dive and post-dive locations (i.e. the in terval that is post-dive for one particular dive is pre-dive for the next). We observed the following pattern: 97% (pre-dive) and 95% (postdive) of surface events associated with type A dives were located on the inner fringing reef flat, of which the majority was located on the seagrass meadow (91% pre-dive and 88% post-dive). All surface events (pre-and post-dive) associated with type B, C, and D dives were located outside the seagrass meadow (Fig. 6) .
DISCUSSION
Green turtles at N'Gouja spent ~90% of their time submerged, and mostly conducted very shallow (~3 m) and flat-bottom dives in accordance with the very shallow bathymetry (< 4 m at high tide on the seagrass meadow) and the tidal regime (Fig. 1) . During these flat-bottom dives, commonly performed by green turtles in relatively shallow habitat (Hochscheid et al. 1999 , Thomson et al. 2012 ), turtles lay immobile or moved slowly above the sea floor with no detectable wiggles. Turtles showed a high fidelity for the study site, and the observed dive patterns are at least partially the result of the spatio-temporal segregation between feeding and resting. Accordingly, turtles displayed a clear diel dive pattern and distinct dive types. Four major types of dives could be discriminated, mostly on the basis of their maximum depth and duration. With the help of our direct observations and the FGPS tracking of TDR-instrumented turtles, we could further attribute 3 main behavioural functions to these different dive types. Short and shallow type A dives (86% of all recorded dives) were mostly associated with feeding on the seagrass meadow during the day. By contrast, long and deep type C and D dives (13% of all recorded dives) were mostly associated with resting on the border of the fringing reef during the night, in summer and winter, respectively. We also recorded a few (<1% of all recorded dives) deep (~28 m) and relatively long (~22 min) dives, that consisted of high amplitude up-and-down movements during the bottom phase (~15 m). These active bounce dives occurred mostly during the day, and might correspond to interactions with conspecifics or foraging events at the coral reef (e.g. Makowski et al. 2006 for juvenile green turtles feeding on macroalgae and benthic invertebrates on a reef; Blumenthal et al. 2009 for hawksbill turtles foraging on sponges), in the water column, or during benthic exploratory dives (Heithaus et al. 2002 . Large green turtles are not exclusively herbivorous and can feed on benthic invertebrates or ctenophores and jellyfish (Bjorndal 1997 , Godley et al. 1998 , Heithaus et al. 2002 , Burkholder 2012 . In this context, we made anecdotal observations of green turtles at N'Gouja Bay feeding on algae (e.g. Gra ci la ria salicornia, Tur bi naria sp.), ctenophores, and jellyfish (Physalia). Some green turtles, known to exploit the N'Gouja meadow, were tracked to the barrier reef (~9 km away from the fringing reef), supporting the idea that they may occasionally feed in reef areas, away from N'Gouja Bay (K. Ballorain unpubl. data). Nevertheless, we found that green turtles predominantly moved between adjacent foraging and resting areas, which would minimize energetic costs associated with commuting (Makowski et al. 2006) . The relatively short and shallow dives of green turtles at N'Gouja suggest that most dives were aerobic (Costa et al. 2001) . This is supported by the relatively short surface durations following dives and the relationship between dive and surface duration we found for our turtles. The time spent breathing at the surface between dives increased with the duration and the depth of the preceding or the following dive, as typically found in air-breathing divers (Wallace et al. 2005 for sea turtles, Wilson & Quintana 2004 for seabirds, Sparling et al. 2007 for marine mammals). This indicates that for green turtles diving at N'Gouja, most of the surface events were used to recover from the previous dive or to prepare for the dive to follow. Controlling the air volume inspired before diving has previously been reported for a wide range of air- Fig. 4 ) preceding the surface interval, when GPS location was taken. All surface events associated with type A dives occurred on the seagrass meadow, while all type C-D dives occurred outside. Erratic type B dives (n = 2) were conducted further offshore than other dives (see inset)
breathing diving vertebrates, including sea turtles (e.g. Mina mikawa et al. 1997 , Hochscheid et al. 2007b , Fossette et al. 2010 , seabirds (e.g. Sato et al. 2002 , Wilson 2003 and marine mammals (e.g. Biuw et al. 2003) . In addition, some of our turtles were occasionally ob served basking at the sea surface in shallow water, suggesting that surface events might also be used for thermoregulation (Sapsford & Van der Riet 1979 , Whittow & Balazs 1982 , James et al. 2005 , Hoch scheid et al. 2010 ). Short and shallow type A dives represented 95% and 85% of the time spent submerged during daytime in summer and winter, respectively. This indicates that at N'Gouja, feeding is the major activity of green turtles during the day and that most feeding occurs year-round on the seagrass meadow. This is supported by our direct observations, as green turtles were feeding systematically when we encountered them on the N'Gouja Bay seagrass meadow. More importantly, this also indicates that at N'Gouja, green turtles spend a similar proportion of time feeding (i.e. daily bottom duration of type A dives) throughout the year (Table 2) and exert an important pressure as herbivores on seagrass yearround. Type C and D dives represented 81% and 90% of the time spent submerged during the night in summer and winter, respectively. This indicates that green turtles rested mostly during the night, away from the seagrass meadow. Green turtles may also rest during the day, albeit to a much lesser extent, when the seagrass meadow is not accessible at low tide. During the day, turtles rested at cleaning stations (sensu Losey et al. 1994 ) with symbiotic cleaner fish, located on the rocky and coral spots (Fig. 1) . Similar to feeding, the proportion of time spent resting did not vary throughout the year, and dive duration increased with decreasing temperature. Yet the relative con tribution of type C and type D dives varied significantly between sea sons. Longer dives (type C dives, 70 min), and intermediate dives (type D dives, 32 min) occurred in winter and summer, respectively. A seasonal shift in dive duration occurred in all TDR-equipped turtles for all dive types, as seasonal mean dive duration increased from 9.5 to 15.7 min between austral summer and winter. Such seasonal shifts have been reported in sea turtles (e.g. Southwood et al. 2003 , Broderick et al. 2007 ) and are interpreted as a consequence of their ectothermic physiology. Since their metabolism is temperature dependent, turtles can increase apnea duration at lower temperatures (Hoch scheid et al. 2007a , Wallace & Jones 2008 , Enstipp et al. 2011 .
At N'Gouja, green turtles frequented the seagrass meadow for feeding mainly during the daytime, except when water levels were below 40 cm. We also observed turtles feeding on the meadow during full moon nights, but we cannot exclude that feeding might also have occurred during other moon phases. However, typically turtles spent the night resting on the coral reef, as suggested in a previous acoustic tracking study conducted at N'Gouja Bay (Taquet et al. 2006) . Numerous studies on immature and mature green turtles, feeding on algae spots or on seagrass meadows, and monitored by acoustic tracking, also reported that turtles exhibited a diurnal foraging pattern (Mendonca 1983 , Ogden et al. 1983 , Brill et al. 1995 , Rice et al. 2000 , Makowski et al. 2006 , Hazel et al. 2009 ). Some studies, however, reported a nocturnal foraging pattern related to human activity avoidance (Rice et al. 2000 , Seminoff et al. 2002 . This suggests that green turtles mainly depend on daytime for feeding. Light-dependent feeding behaviour is almost universal in animals (but see Ward et al. 2008) . In marine and herbivorous species, diurnal foraging pattern has been interpreted as a behavioural response to predation risks (e.g. Heit haus & Dill 2006), tidal rhythm and thermal requirements (e.g. Buttemer & Dawson 1993 , Wikelski & Hau 1995 , or photosynthetic-related nutritional quality of algae (e.g. Zoufal & Taborsky 1991) . In the N'Gouja Bay, tidal constraints are similar for the day and night. Accordingly, green turtles would improve their feeding efficiency during daytime both through a higher body temperature and because of the ability to visually select their food and see potential predators. Further investigations are needed to assess potential diel changes in the nutritional value of seagrasses. Considering that most feeding occurred on the seagrass meadow and during type A dives, our study shows that at N'Gouja, green turtles spent 9.7 h per day feeding (i.e. time spent feeding at the bottom phase of type A dives; Table 1 ) and 10.9 h per day foraging (i.e. time spent in type A dive cycles: complete type A dives followed by complete postdive surface events). Daily feeding and foraging dura tions remained more or less constant throughout the year. Our estimate of daily foraging duration is consistent with a recent acoustic survey which found that green turtles exploit the seagrass meadow of N'Gouja between 06:00 h and 18:00 h (Taquet et al. 2006 ). Our estimate is also similar to those reported for immature green turtles foraging on algae in Florida (11.4 h; Makowski et al. 2006 ). However, it differs from the 9 h foraging time re ported for immature green turtles exploiting Pterocladiella capillacea pastures in Hawaii and Thalassia testudinum meadows in the Caribbean (Ogden et al. 1983 , Williams 1988 , Rice et al. 2000 . Such differences may result from different seagrass distribution or speciesspecific nutritional quality of the ingested food between sites (Duarte 1992) . Differences may also be related to age-specific differences in stomach volume and digestive capacities, or to larger adult turtles potentially feeding for a longer period than younger individuals. Clearly, further investigations with larger sample sizes, including adult and juvenile individuals, are required to assess the determinants of feeding rhythm in sea turtles.
Our study reveals important details concerning the feeding rhythm and habitat use of green turtles in a multi-species seagrass meadow. This is the first step to assess and understand the contribution of this endangered species to coastal ecosystem functioning. Further investigations are now required to estimate their herbivory pressure and show their impact on seagrass habitats. In addition, by documenting the year-round importance of shallow coastal habitats for green turtles in an emerging tourism destination such as Mayotte (Bernardie-Tahir & Omar 2001), our study contributes to improve conservation measures for this species. 
